Abstract-In this paper, we present our newest results from special field of thermal image processing. We study the behaviour of muscle of human eye regarding a clinical observation that can be derived using the thermal description of the eye. Our aim is to detect the malfunction of the ciliaris muscle influencing the bend of the eye lens which makes traditional dioptre measurement inaccurate. This malfunction is caused by the excessive activation of the muscle which can be tracked down by checking the temperature of the eye on thermal image about them. Thus, we consider somatoinfra (high quality thermal) images for detection with specialized machine learning approaches to this novel problem.
INTRODUCTION
Sight problems occur in very wide range of the human population. The traditional treatment of the problem is to perform refractometric analyses to adjust the bend (dioptre) needs of an affected patient. However, this investigation is not able to detect other side-effect that influences the accuracy of this adjustment. Such an effect is the excessive activation of eye muscles that try to correct the inappropriate bending of the eye lens. Improper dioptre adjustment may keep these muscles under activation, whose persistent cramp status may lead e.g. to regular head-ache.
Namely, those patients who have larger activity in their thermal findings they need a positive (resp. negative) dioptre adjustment provided a positive (resp. negative) original dioptre value. Besides vision improvement, these modifications also eliminated head-ache, reading and other sight disorders. Dioptre adjustment is usually not needed for patients with normal thermal activity, while asymmetric dioptre correction is the usual in the case of asymmetric thermal activity between the eyes.
The main line of the research is to detect the extra quantity of heat stemming from the excessive activity of the ciliaris muscle which appears at special areas of the eye. The larger activity of the muscle is proportional to the higher temperature observed in these regions of the eye.
Our primary aim in this field is to set up a system which is able to alert if the activity of the ciliaris muscle is suspected to be excessive. For this classification we follow the general recommendations [1, 2] in the field of thermal imaging with considering machine learning methods based on several statistical image descriptors. To acquire thermal images with sufficient quality, we considered the state-of-the-art somatoinfra system [3] that is used in the everyday practice at the clinic, as well.
The content of the paper is as follows. In section 2. we give a deeper insight into the background of the problem. Section 3. describes the steps of our approach, while section 4. presents the classification results we found. Finally, we close with some concluding remarks and open issues regarding our studies in section 5.
II.
CLINICAL BACKGROUND With the growing spatial and thermal resolution of thermal cameras, more and more similar investigations are expected to become available to validate and quantitatively characterize clinical observations. In our case, during everyday clinical practice an observation was made about the hidden refractional mistakes, which can be analyzed based on heat maps.
A. The ciliaris muscle and corresponding problems
A ring shaped muscle (called ciliaris muscle/musculus ciliaris) surrounds the crystalline lens in the eye, as shown in Fig. 1 . This muscle is partly responsible for vision sharpness since contraction of it makes the bend of crystalline lens more. That is, this muscle controls the refractive strength of the crystalline lens which is characterized numerically by the well-known dioptre value. The muscle contracts when someone looks at a near object and relaxes when someone looks far. In the latter case the lens flatten and the dioptre value decreases. However, the muscle does not relax in all cases, and thus, the crystalline lens do not flatten perfectly. For example, after reading for a long time or in stress, far sight may become obscure. If this status is permanent, it can be corrected with a lens (glasses) of negative dioptre. However, if the status is temporal, the traditional ophthalmologic examination by a refractometer may provide a false dioptre value caused by the excessive and invisible activity of the muscle. The amount of this error may be even more than one dioptre.
If the activity of the muscle is suspected, the current clinical practice is rather long and exhausting to get rid of this disturbing effect. Namely, the ciliaris muscle can be disabled with a certain eye drop, so the precise dioptre value can be retrieved by the refractometer. However, this eye drop is not applied routinely.
Since the ciliaris muscle is close to the exterior surface of the eye, we have the opportunity to take advantage of thermal monitoring of it.
B. Aim and possible exploitation of the research
The final objective of the research is the development of an automatic screening system with simple usage that is able to spatially localize the ciliaris muscle and can decide about activity of it. It would prevent the prescription of glasses with lens having inappropriate dioptre values or to equip persons with glasses, who has no sight problems at all. Using the thermal image analysis, it can be decided whether a head-ache or vision problem has ophthalmologic or other reasons.
III.
STEPS OF RESEARCH In this section we outline the key points of the analysis of the thermal images. We present details regarding the acquisition of the images, the necessary preprocessing steps, the composition of a dataset for our machine learning approach, and the experimental results we have found during running these methods.
A. Thermal image acquisition
Since the organ to be investigated (eye) is rather small, we need robust equipment for image acquisition. General purpose thermal cameras cannot provide the necessary spatial and thermal resolution. Thus, special equipment dedicated to clinical studies is needed here. A state-of-theart local realization of such a camera (the Somatoinfra system [3]) provides 384 x 288 spatial, 12 bit intensity and 0.001 degree thermal resolutions with the best thermal accuracy at approximately 37 degree. For clinical use, the images are shown using some standard heat scale, which often considers a 256-color palette. Thus, at the current stage we work with 256-color images. As an immediate consequence, we can convert the original images into gray-scaled ones without loosing any information. Naturally, more precise results are expected to be found using a 12-bit representation. However, this functionality should be integrated first into the Somatoinfra system. Moreover, we also exclude some image sources with restricting the input to 12 bit with connecting it to specific hardware.
The images shown to the screener can be re-colored by adjusting the spectrum of the infrared range to highlight details near the interesting regions. For an adjustment regarding the eye region, see Fig. 3 .
B. The usage of grayscale images
In thermal imaging usually color palettes are applied for displaying in order to let smaller differences to be easily detectable for a human observer. For simplicity, we change the color representation to grayscale one.
C. Image normalization
In clinical practice it is very challenging to provide completely the same thermal conditions for every acquisition. For example, the temperature of the skin depends on the external weather or the internal temperature of the examine room. Moreover, if the system receives thermal images from different inputs, there is no guarantee for the same color palette adjustments. For these reasons, we inserted a normalization step into our system to eliminate these differences. The compensation is achieved with standardization, that is, to let the intensity distributions have approximately the same mean and variance for all the images. Using these data, we can assign a standardized value to each of the pixels. Original intensity values are integers from [0, 255], while after standardization they are around zero.
D. Localization of the eye
Many disorders that can be detected by thermal imaging cannot be located precisely within the holding organ in advance. For example, in the case of breast cancer the whole breast should be analyzed globally, without any further knowledge about the proper of location of tumor [4, 5, 6, 7] .
In our case, the ciliaris muscle has well-defined connecting points to the eye surface so thus we can restrict our attention better to specific regions of the eye. More precisely, the ciliaris muscle resides 1-2 mms away in both directions from the edge of the cornea. Knowing the position of the muscle quite reliably, we can select some small eye regions covering these anatomical points. Thus, we tried to model the eyes with ellipses which are subdivided into subregions in the way as shown in Fig. 4 .
This representation allows us to calculate the statistical descriptors not globally for the whole eye, but also locally with focusing to the interesting regions only. Though not all the above subregions are needed to analyze the ciliaris muscle, this model looks suitable to investigate other eye diseases in the future, as well.
To detect the eye automatically in thermal images is a very young research area with few results only. To the best of our knowledge, the first effort in this direction was the one presented in [8] . At the current stage, our system considers manual adjustment of the above ellipses.
E. Feature extraction
Since thermal images are rather patch-like and the border of the investigate areas are blurred, global directives [1] suggest extracting descriptive features based on statistical approaches. Thus, to create feature vectors for the classification algorithms. We considered the following first-order statistical descriptors as features derived from the intensity histogram: mean, variance, skewness, kurtosis, energy and entropy. These features are calculated for all the subregions composing the ellipse model for the eye. Since we considered a subdivision into 24 subregions, we gain 144 dimensional feature vectors per eye if all the subregions are involved.
F. Training and classification
For classification, a training and test database was created from the whole database which is contains 40 images (half of it belongs to healthy patients and the rest is unhealthy). The images were manually labeled by a clinical expert after ophthalmologic examination.
We selected 10 healthy and 10 diseased images for training and the remaining images were used for testing. To get more accuracy result we repeated this selection by 1000 times as cross-validation.
With following the instructions in [1] and since it had a fair performance, we considered the well-known kNN classifier (with k=7) and SVM to make a decision about test images whether they came from healthy or diseased group. Besides classifying based on feature vectors extracted for all the subregions, we also restricted our attention to that half of the subregions which reliably covers the location of the ciliaris muscle. Table1. summarizes our classification results.
IV.
CONCLUSION We presented a machine learning approach to identify the excessive activity of an eye muscle. Our motivation is to validate and exploit a novel clinical tool based on thermal image analysis. We found that general guidelines of thermal image analysis can be applied after some specialization.
Our approach can be improved further in many ways. First of all, we plan to work with a thermal camera having double spatial resolution to that of the current one and to directly retrieve the 12 bit temperature values from the device. Moreover, the current database should be extended after which we expect the raise of both the accuracy of the clinical and machine learning decision. Automatic location of the eye and the specific point (ciliaris muscle) is also a challenging task. These problems can be attacked the best possibly by using normal (not infrared) imaging with a simple camera with a subsequent registration step to the thermal image to retrieve the temperature values. Finally, we mention that a heat trap caused by the orbit may also influence the thermal behavior of the eye region. To find an appropriate physical model to get rid of this thermal distortion is also an open issue. 
